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a way of representing ideas 
defined and illustrated in 
see" how the ideas they read 



Idea-mapping (i -mapping) 
from a text in the form of a diagram, is 

this document as a way to help students .. 

are linked to ejich other. The first portion of the document , discusses 
the fundamental relationships found in texts (A is a characteristic 
of B, A causes B) and^ how symbols are used in i-mapping to represent 
these relationships. This section also illustrates how an i-jnap 
succinctly represents the structure of a text, such as description, 
comparison aird contrast, or definition and characteristics.; The idea 
of frames and their cor responding 'f rame i-maps are introduced as a 
way of representing reE)eating patterns of inf ormat ion _in particular 
content" areas: statlic frame? capture' the information associated with 
the general concepts of a subject matter area while dynamic frames^ 
represent repeated patterns of behavior or sequences of act ions.' The 
second section of the document discusses why i-mapp.ing might bfe a 
useful instructional technique in reading as well as how teachers - 
might implement the technique in the classroom. Several tables 
illustrating i-ipapping are included, and appendixes contain three 
texts which the example i-maps represent. (HTH) 
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nd its use in tne Liassruum 

or 



I'dea-Mapplng: the^ Techn i que and its Use in the Classroom 

or 

Simulatjng the-^'Ups^' and ''Downs" of Reading Comprehension 



Idea-mapping (i-mapping) is a way of representing ideas from text in 
.the form of a diagran]: The symbol s./od shapes of i~maps show the types oi 
relationships and organizational patterns ^^^^ i -map . 

represents: Therefore, we believe that i-maps can be usefbl to help 
studeats 'see" how the ideas they , read are linked to each other. The. 
purpose ol this* report i s to defi-ne and piustr^te the technique of 
i-mapping, and to suggest. why and. how i"-mapping might be used in^instruc-. 
tional settings. . ' ^ 

^ * The Techn ique * . * 

We think ^'that the easies^way to understand i-mapping is to begin 
with a'iMttlfe exercise. Fig'url 1 is an I -map that is megnt t^ repres^f/ 
the information given in an excerpt from a jun\^r high science textbook. 
Beg-in -by studying the i-map. Try to determine what the i-map means; that 
IS, try to guess what information was presented in the textbook. 



Insert Figure 1 about here 



The text that- the i-map represents appears i n ^Appenc^ix A. -This' 
•/excerpt is the first fo^l^'pages of a'chapter entitled "Biomes." Now we 
s^u'ggest that you read the text and see whether your guesses about the 
meaning of the irmap are confirmed. * . ' ' 

Having participated in this exercise, y6iJ[.' re now ready for some more 
formal def ini t ions <3f\n i-map i's a diagrammatic representation of infor- 
mation in text. , The technique of 'i-mapping was designed specifically 

, . . 3. 
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to help students identify and learn aboyt the ideas found in the informative 
text that th6y encounter in textbooks and other schoo 1 - re 1 ated materials. 

A. basic assumption of i-mapping is that many ideas i^n text are 
connected by a few fundamental relationships: 
- * K A is an "instance of B o ' 

2. A'is a property or characteristic of B 

3. A defines B , ^ ^ " 

k. A compares with B. (t+iat is, A is Identical' to, similar to, 

• not' similar to, greater than, or lesS'th'an B) " » 

. \ , ^ ' , 

5. A [Precedes B / » , • . 
/ ^ ^ 

6 . A causes B " ' " ' ^ * ' - . 

/ . ^ 

7 . A enables B , ' " • ^ * . 

* i> 

Ideas are also related by the Ibg i ca 1* connect ives and , or , and > but . Each 
'^of these relationships between ideas' is designated in text by certain ,^ 
standard words and phrasea. For example, the A causes B relationship is . 
designated by words such as ""because," "since," "affect's,-" "dge to,'^' and 
"therefore." ^ , " ' 

In i-mapping, a unique symbol stands foK each of these bas ic Relation- 
ships. For example, In the "Bromes" i-map, the symbol => stands for 
"causes"; in the tundra the ground' is 'always frozen because of. the year 
• . round cold climate. The symbol ^ stands for "is different from"; the. 

tundra differs f rom *the taiga with respect to location, o^fimate, ^nd the 
plants and animals found there. The boxes embedded in boxes are "examples 
r:i -"bf"; oak and hickory'are examples of, deciduous trees; Table 1 ^ontains 
a list of relationships and symbols used in i-mapping and some ef the 
"key .words" which signal these relationships in texlt;. You will find it' 
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* * . 

helpful in trying to remember the symbols to. look back at Figure 1 to find 

^ ■ • . , 

examples of the relationship^ and -symbols illustrated in Table 1. 

Note-also, when" studying Ta'bte 1, that the symbbl X can be used to 

negate anx relationship,' although it is illustrated in Table 1 onl9 with 

the "is similar td^' and* the. "is art example of" relationships.^ Also, 

although i-mapping uses the logical relationships otl, and_, and but_, only 

the use of or is illustrated; ajTd_ and bu_^are used analogously. 



Insert TabJe 1 a-bout here. 



In addition .to fundamental relationships connecting ideas in tex.t , a 
few basic organizational patterrrs or' text structures ^are commorT^ly found 
in informative text. We <^V^ these content-f rdf^s tructi^res because they 
are found in texts on a variety of'topi-cs. Vers i ons of these basic text 
structures have beenlden t i f i ed in several sources (Herber, 1978^; Niles, 
1976; Meyer, 1979; -R-eadance, Bean, &. Baldwin, 1981), Our own_ version of 
what we will call Basic Text Structures is the following. 

1. * D escription - -.a listing of pi^operties, characteTi st i cs ,^ or 

. attributes where the ord^r of- presentat ion of the. items is 
not significant. 

2. ' Compare/contrast— a description of similarTties and dif-^ 

• ' fer^nces between two or more things. • 
< - • 

3. Temporaf sequence" -a sequential rel^a t i onsh i p between ideas ^ 
or events considered in tferms of the passage of^timej * 

k. E kp1anation- -an interaction between at least two ideas or 
events, 'one'tKe t6-be-explai ned" effect , and the other the 
reasons or causes for the effect. 

5^ Def in i tion/examplesT -a concept is defined and examples of 
the concept ^are given,. 
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/ We assume that each of these Basic Text Structures corresponds to a 

particular .purpose or question that the author is addressing. For example, 

an author uses an Ex,planati6n tex't structure to answer the ques t i on ."Why?" 

(sometimes,.."How?") and a Comparison/contrast t^xt structure to answer the 

question' "How-are A and B alike and/(jr different?" 

Eacti of these^Basic Text Stri/ctuVes is represented by a unique i-map 

<> ^ 
form. Table 2 presents the i-maps corresponding to each of the^Basic Text 

Structures, as well as the author purposes or questions underlying each > ^ 

t^xt structure. Note that these Basic Text Structure i-maps are built 

from the 'fundamental i-mapping relationships already introduced. The unique- 



Insert TabJe 2 about here, 



relationship between i-map forms and Basic Text Structures is important" 
because a quick glance at ap i-map can reveal the structure of the text 
and hence, the purpose or question the author is addressing. For. examp 1 e , _ 
one call tell a great deal about the text that the following i-map represents 
without even reading the text: , ' ' . * ^ / 



G 1 umps 



Orts 



ERIC 



The authorls purpose is to answer the question, "How a re- G 1 umps . and Or^ts ^ 
alil<e and different?" That is', the Basic Text Structure is Compare/contrast , 

' ^ .6 ■ 
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- , The author teTl s us five characteristics of both Glumps and Orts. Glumps 

and Orts' have two, similar characteristics and three different characteristics 
\ p To give the reader a better fe,el for BasicoText Structures, Table 3 
-illustrates each of the Basic \ext St ructiires' ^nd corre^spond i hg i-maps 
based on excerpts from real textbooks. 



Insert Table 3 about here. 



The excerpts, in Table 3 represent .relatively "pure" for:ms ''of Basic 
T'ext Structures. Most text, however, is made up of a combination of Basic 
Text' Structures embedded one within another. Embedded text structures' 
^ occur because the. author often add res ses ' sev^ra 1 sajbquest ions in order to* 
answer one main qu,?stion. For' exarripl e , gonsider the "B i ome^"^ i -map (Fi gunfe 
1). Because we inferred that one of the author's maiy purposes was to 
^answer the ques t I ons ^"How are the various biomes different from each other?" 
we u.sed the Compare/contrast as. a major text structure.^ 1n answering this 
compare/contrast question, the author addressed several subques t i ons , for 
example, "What is the c'l-lmate of the tundra?" and "Whab are some examples 
of plants in the taiga?" In answering the latter question, the author 
addressed yet another subquestion: "What is the definition of an evergreen 
tree and what are some examples 'of evergreen trees?" 

Soofar we've introduced the idea^ of fundamental relationships in text 
' and Bas>^ Text Structures and shown how these' can be uniquely represented • 
'm the form of i-maps. Now we tufn to a pew Idea— a variation of Basic 
T^xt Structures which we think can be very useful to content-area teachers 
because the structures reflect the "main ideas" of the donteht being taught. 
This new type of text sti^ucture is called a frame (see also Armbruster & 



\ ■ 
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Anderson, 1982, for more on frames)'.- A frame Is* a Basic Text Structure ^ 
that is adapted for/use with a particular kind of content. Frames specify 
the ''nn>in ideas' or important information associ ated. wi th a topic that is 
(9r should be) included in a text dealing with that topic. For example,' 
the "Blames" i-map contains a frame flor biomes . (Please look for the ^ 
biomes frarrre in Figure 1 now.) The ()iome5 frame is basically a Description 
Basic Text Structure with thfe c'ha raq'ter i s t i cs or properties classified 
into categories: locat ign , cl imate , plants , and animal s , We chose to 
i~map these c'ategories because we think that information on location, 
climate, .plants, and animals are the "main ideas" or important information 
associated with "a biome. 6 . . ^ 

We recognize two'types of frames: stat Fc an'd dynami c . The biomes 
fran\^ is an example of a static frame. ^^-n general, ]a static frame is a 
Description Basic Text Structure w.i t h the cha ractey s t i cs oV properties 
classified into categories called slots , The slots of a static frame are 
determined by 'the sa 1 i ent ^at^t r i butes or characteristics of the concept 
being described. For example, the slots of the b iomes frame (^location, " 
c1 imate, plants ,. animal s) are deemed to-be the sa^l lent characteristics of ^ 
the ccincept "bFome." Orrce "the author had decided to defi'ne or describe 
biomes, he/she was obligated to'present information pertinent to these 
slots. 

Other examples of static fr.ames appear in Figure 2. All of these 
static frames contain slots for. types of impartant informat ion'about t1ie ^ 
topic that one m-ight expect to find in text about that topic. These static:, 
frames were derived in a couple of different but complementary ways/ One 
way was by knowing the def i n i t i on ' of the co^^cept--the attributes which 
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define the particular concept and-make it distinctive from other concepts. 
The second way was T>y^exam^ ,the way authors typically write about the ' 
concept.^ Authors seem consistently to include certain kinds of information 
.■w1ien discussing the concept; these categories of information become the 
frame slots. 



? X 



insert Figure 2 about here. 



Just(as static frames are more specific versions of Description Basic 
Text ^itructures, so dynaml c 'frames are more specific versions of Explanation 

-Basic Text Structur^es. Dynam'lc frames thus i^nclude mor^e Information about 
the relationships among slots than do* s ta t 1 c frames . Since the idea of 
dynamic frames is most easily conveyed through an example, we'll begin 

'with the example of a very general "goal" frame, which we believe can . 
capture the "main Idea's" associated wlth^the explanation of an historical 
event. The Goal frame appears below. 



Goa 1 



=> 



Act ion 



Outcome 



The Goal is the desired state sought by an individual or a gVoup. The 
Action Is the action taken to. attain the Goal The Outcome Is the conse- 
quence of the Action,, which ''may either satisfy or fail to satisfy the Goal. 

Let^s consider a short example of text for which the Goal frame 
might b.e-appropriate: 

.* the Invention of the cotton gin in 1793 made slavery even 
more .important to the South. The'qotton gin separated cotton 
seeds from the fibers. This dlffi^.ult job had been done by hand. 
The cotton gin thus made cotton an ^veh more profitable crop. 
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More land was planted in cotton. Mone people were needed to 
work the new-cotton fields. To fill the need, more slaves were 
brought from Africa-. . . By i860, there were about 3.5 to h 
million black, slaves working in the South . . , 

. . (Abramowi tz-, p. 283) 

Spme of thfe information in that passage c^n be captured in the following 

Goal frame i-map. 



GOAL of Southern 
p Ian tat ion owners 



to get more 
pepp 1 e to work 
the new cotton 
fields 



ACTION 



more slaves 
were- brough-t 
from Africa 



OUTCOME 



-^popul at ion of 
black slaves in 
South = 3.5 - ^ 
mi 1 1 ion by i860 



One can easil'y think of many other, examp 1 es of hjs^torical events that 
would fit the Goal frame: the search of Cor-t^s for gold and silver and the 
su6seqqent conquest of the Aztec empire; the need for improved transporta- 
tion to link thfe- East and West and the buVldi'ng of the transcontinental 
railroad; hitler's desire to preserve- the "master, r^ce" of "Aryans" 
resulting in the murdef of 6 million European, Jews , and so. on. 

A variation .of the dynamic Goal frame is another frame--the Problem/ 
Solution frame.- la this frame the Problem is an event, a condition, or a . 
series of events or conditions resulting in a state that is an obstacle 
to the attainment of the Goal. The Problem^ prompts a Solution, which takes 
the form of the Action and Outcome of the Goal frame. The Outcome of the 
Solution- ei ther solves or fails to. solve the Problem; that is, the Outcome 
,either satisfies or fails tc5 satisfy the Goal. The Problem/Solution frame 
i-map appears below. 
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S 0 


L U T 1 


0 N 










Act ION 




OUTCOME 



















X 



===>) denotes that any' of -the three rel at ionsh i ps -may apply. 



As an example of a text for which this frame is appropriate, consider 
typical accounts of "voyages of discovery." Such accoun ts. usua 1 1 y begin 
with a- statement of the Goal--the desire-of Europeans for goods from the 
East, including silks and spices. The accounts go on to explain the 
problems of obtaining goods from the East. Here is the version from one 
textbook: ^ 



11 
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..The trade routes then'in.use plfesented several difficulties. 

Goods from the Far East (the part of Asia farthest from Europe) _ 
were transported the first part of the way by ship. Then they 
had to be unloaded and repacked on the backs of camels and • ■ 
donkeys for the overland trip to the Mediterranean Sea. There 
they were again reloaded by Italian merchants-, who brought them 
to other parts of Europe.. Each part of the jOUrney was difficult 
and dangerous. The total amount of goods del i vered" each year 
was small Because of the great risks and coSts/of unloading 
and* rejoading, prices were. very high. ( Schwartz &' 0.' Connor , 1 97 1 ) 

The accounts of the voyages of discovery go on to talk about the 

Solutipn: the Action, slot consisted of the actual voyages "by various 

explorers, and the Outcome slot included the ea r 1 y^ d i sappo i nt i ng outcomes' 

of the quest for an all-water route, as well as the resulting discoveries ^ 

of the explorers . * ♦ ' 

So far in this'. report we have defined ahd illustrated i-mi-pping as 
a diagrammatic representation of information in text . _ We . i nt roduced the 
symbols that stand for the f uhdamenta 1 relationships that connect ideas 
in text. Then we presented the i -map forms for each of the Basic Text 
Structures that are the building blocks of text. Fi'nally, we introduced 
the idea of frames and their corresponding Tr^me i-maps as a way -of 
representing repeating pafterns. of information in particular content areas. 
Static frames capture the information associated with the general concepts 
of a subject matter area, while dynamic frames represent repeated patterns 
of behavior or sequencelof actions! .We have 'discovered" riiany more static 
frames than dynami c. f rames , probably because the static frames are tied 
to specific concepts, while the dynamic frames"aKe general enough to apply 
to a wide range of content, 

' The next section discusses wh^ i-mappjng might be a useful instructional 
technique in reading as well as how teachers might implement the tcchnic^ie. 
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Using l-Mapping in Instruction 
Why Use l-Mapping in Instruction? 

In another report (Armbru^ter & Anderson, 1980), we presented a^ 
research-based rationale for the i ns t rue t i ona 1. use . of i-mapping: i.e., 
involvement of students with the meaning of th'e text, attention to text 
structure, and transformation of prose into a diagrammatic or visual 
representation. In this report, we turn to a more theoretical rationale 
for the use of i-mapping in the classroom, based on the currently popular 
schema theory of reading comprehension. 

According to schema theoi^y, a reader's schema, or organized knowledge 
of t'^he world , provides the basis for comprehending, learning, and remem- 
bering information in text . "IromiSLrehens i on occurs when the reader activates 
or cons-tructs a schema that explains Q.ven t's^Trd-^objects described^in a 
text. As readers' first begin, to read, they search fora^-schema to account 
for the information in the text, and on the basis of the schema, they 
construct a partial modfel of the meaning of the text. The model then 
provides a framework for continuing the search through the text. The model 
is progressively refined as the readier gat;hers more i nformat ion from the 
text. Reading comprehension, according to this view," thus involves the 
progressive focusing and refinement of a complete, plausible, and coherent 
model of the meaning of the text. 

A further refinement of schema theory is that the processing of infor- 
mation in the text proceeds in two basic modes: bottom-up and top-down, 
[^oti "^r d^ta-driven, processing proceeds from lower to higher levels 

of lingc cic analysis. The processing begins with an analysis of letter 
features, combines words to construct meanings of phrases and sentences, 
and so on through increasingly cdmprehens i ve levels of interpretation and 

13 



I dea-Mapp i ng 
• . 12 

integration- Bottom-up processing starts from the lowest level schemata 
and gradually builds higher-order schemata,, 

Top-down, or conceptually-driven, processing proceeds in the opposite 
direction. Based on some minimal knowledge of -the text (for example, a 
title, illustration, or topic sentence), the reader forms an expectation 
or hypothesi's about the meaning of the text, Reading then consists of 
a ^rch for information either "to support or refute the hypothesis. That 
is, the reader first activates higher-order schemata and then seeks infor- 
mation in the. text to fit the schemata. 

In schema theoretic accounts of reacfing comprehension, text processing 
involves both top-down and bottom-up processing simultaneously. That is, 
through bottom-up processing the reader finds the informa^tion needed to 
fill out the higher-order schemata; through top-down processing the reader 
can find and assimilate information in an efficient manner (Adams & Collins, 
1977). 

We argue that constructing an i -map of a text is roughly analogous to 
constructing a coherent model . of the meaning of the text, involving both' 
bottom-up at)d top-down processes. Therefore, we see i-mapping as a tool 

that teachers and students can u^e to build a model of text meaning, with 

\ ■ 

the finished i-map as a visual representation analogous to the thought 
process that\the students might be expected to have experienced if they 
read and interpreted the text. 

How Can l-Mappinq be Used in Instruction? / 

With the use of i-maps, teachers can help students to better understand 

their texts using both top-down and bottom-up strategies. We will illustrate 

how this might be done,' start i ng with top-down processing. Remember that 

° 14 
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in top-down processing, the reader formu lates^ .an 'expectat ion about the 
meaning of the text' and then seeks infptmation in the text to suppoFt th"e 
expectation. To simula^te top-down process.! ng , the teacher could begin by 
providing students with such an "expectation" or "higher-border schema" 
pr ior 'to,a ,^r^^^4ang assignment.' Th i s '''Ki gher-order schema" cou'ld^be in 
the form of what we'll call a "main idea" map. For example, a teacher 
a^Mt to assign the chapter on biomss' could begin by giving students the 
static frame^'i-map for biomes: 



b i om^e s 


location: 




c 1 i ma t e : 




temperature: 




prec i p i ta t i on : 

=4— 








plants : 




. an ima 1 s : 



ERIC 



This static frame represents the expectation or higher-border schema that 
a reader know! edg^ab Ve about the concept of biomes would f^robably br i ng 
»to the text. 

fhe teacher could use thk "main idea" i-map i n* two ways:' (a) As ttre 
basis for a recommended p rocessing ai^. That is, the teacher could suggest 
that students might use the "main idea" i-map assa framework for organizing 
and assimilating information as they read. (b) As the basjs for.a product , 
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or student exercise,, that would be an index of student understanding of 
the text. In more conventeional terms, the^se exercises require students 
to find details in* support of a main idea. 

As an example of the latter, the teacher could ask students to fill 
out a biome frame map for each biome.in the chapter. The teacher coujd 
further constrain the task by using i-mapping symbols to specify the exact 
type of Information students should supply, as 'in the following example: 



ta iga 



1 oca t ion : 



cl imate: 

temperatur^j 



prec i p I ta 1 1 on ; 



pi an t s : 




an i ma 1 s : 



In this example, the form of the i -map- tel 1 s students that they need to 
provide the definition and two examples of a type of taiga plant and that 
they need to find three examples of animals that live in the taiga.. 

We will give another examp\^l e of top-down i-mapping using the passage 

■if 

from a fifth grade social studies textbook that appears in Appendix B. 



16 



Idea-Mapping 

We'think fifth grade readers will prid this text difficult to under- 
st'Snd^nd remember^. We believe that the author's purpose was probably to 
explainthe principle that location has a s igni f leant effect on where 
cities are established and whether or not they will grow,./ Instead of 
stating the principle, however, the author has chosen to g rven examples 
of it. Fifth grade readers are un 1 i kely ' to be able to Infer the principle 
from these examples, at least not vixt^wX. assistance. We think it would* 
help stydents to read the «pass.age with understanding if the teacher 
familiarized them w^'ith a "main idea" map which represented tKe arinci»ple 
prior' to reading the passage. The i-map might 190k J ike this: ^ 



1 oca t ion 



- es tabl i shmen t and 
arowth of c-i t re's. 



This "main idea"- i-map could serve as a guide for how students should think 
about the text, or it could serve as the basis for a" student exercise, .More 
structured versions of the exercise appear In Figure 3- 



Insert Figure 3 about here. , 



As illustrated by these e>^amples, teachers can encourage students to 

• -* 

engage in top-down processing by helping them to .generate a higher-order 
*se:hema in the form, of a "main jdea" i-map. Students can do the top-down 
processing "in t;heir heads" or demonstrate that they- have engaged in top- 
down processing >y completing written i-mapping exerc^es. 

Now we will describe how teachers can use i -mapping to encourage 

bbttom-up processing. .Remember that in bottom-up processing, the reader 

* 

co'nstrtftts a higher-order schema for the text's meaning from 'lower-order 

elements of the text. To simulate bottom-up processing, the^ teacher could 

J* 

--\ ■ ■ . - - ■ i7. - 

^ .■ . \ ...1 — 1_ I I 
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♦ 

use i-mapping to help' studeijts derive higher-or'cter 'structures , ^ In more 
"conventional terms, the teafher would-be guiding the students to.iTial<e 
generalizations, to. induce principles, or to discover main ideas. 

For example, the bottom-up exercise in Figure k might be used with _ 
the chapter on biomes. This exercise encourages students to infer the ^ 
labels for the slots of the biome frame from a couple of examples. We 
think that the visual display will he 1 p' s tudents see common- patterns that 
they might .have d i ff i cu Ity^ i nf err i ng from text alone. 



Insert Figure k about here. 
— - ^ 



<To* repeat, .in our opinion, one problem with the ''More Cities Grow'' 
passage was" the lacl< of an explicrt statement of the principle that location 
inflgences the establishment and growth of cities. Rather than giving . 
students thi's principle, however, the teacher may prefer to have the 
students induce the principle themselves. The bottom-up exercises 
presented in Figure 5 could help. Note that these exercises are simply 



Insert Figure 5 about here. 



^ the converse of the top-down exercises. In this case,^ students are given 

f 

details from the text and are guided by rthe f-opm of the map to mak^ a 
particular type of gendra 1 i za t i on , ^ 

Another form^of bottom-up exercise will ^e illustrated using the 
text on honeybee's that appears in Appendix 

One of many po^ssible bot tom-^up^ exe rc i ses to accompnay this text is 
presented in Figure 6. Students are given a list of key terms from the 
reading assignment. They are asked to construct an i-inap th^t incorporates 

■ IS • 
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"all of the terms. In this dase,.lt is left to the students to indJce an 
appropriate structure from the text. 



Insert Figure 6 'about here, 



Incidentally, we believe that the type of exercise illustrated in 
Figure 6 may be an especia 1 1 y •valuable tool for helping students learn 
new vocabulary. We think that trying .^to place a 'new word in one or more 
meaningful relationships to other words is a muph more effective vocabulary- 
learning strategy than the common strategy qf looking up the defini-tion in 
the glossary and using the word in". a sentence. Students can look up words - 

i * 

and (jopy sentences without understanding or learning a thing. But the. 
student who has correctly i-mapped grub, as being*one of ftDur examples of 
a' life stage of honeybees, the st'at'e a fter egg and before pupa , and 
equivalent to larya hasMearned a great deal indeed about grubs (without , 
grubbing around in a dictionary!.). • * ^ 

As illustrated in the examples above, teachens can encourage bottom-- i 
Up processing by providing i-mapping exercises that guide students to • 
induce higher-order structures orc"m^in ide.a"<organ izers for the information 
in text'. Many different kinds of bottom-up exercises can be constructed, 
varying in the prompting given or degree of generalization required. 

In order -to use top-down a hd bo t tom-up ' i -mapp i ng exercises' to help 
students read and leari/from text, of course, the teacher has to study the. 
text carefully and construct an appropriate organization for the information 
in the text. If the structure not clear from the text (and it often 
isn't), the teacher may have to frll in missing pr vague information by 
inducing an acceptable frame aS we did with the biome text, or an appropriate 
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main i dea ar' prfnciple, . as we did with the "More Cities Grow" text. We 

think that this stage of constructing the exerci'ses will^give teachers^ new 

insights about the higher-order organization of the ideas the students are 
<f ' • • , , 

expected to learn. "^V^ ^-—'^^ 

Once the higher-order structure^has been derived, the final form of 
the exercises is limited only by the teacher's imagination." The examples 
presented 'm this report only begin to suggest the creative possibilities 
of i-m.apping i fi the classroom. Please write and tell us about other ones 
that you come lip with, and we.M 1 try to pass tbe ideas along, 

'Of course, in order to use i-mapping exercises, the .s^tudents also have 
to know 'the i-mapp-fng technique — the Symbols standing for relationships in 
text, the Basic Text Structures, and the fact that information is often 
presented in repeatable patterns. We think that just teaching students 
this 'basic information about text would help them a great deal in. reading 
and learning from their textbooks, even jf they never saw an i-mappjng 
exercjse. 

In sum, i-mapping' provides a tool for constructing exercises that can 
guide studen t s " comprehen's i on of text 'and' hel p them develop a coherent 
mode^l of the meaning of the text. We think that both top-down and bottom- 
up kind^ of i-mapping exercises; given that they are carefully constructed, 
could be a va 1 uab 1 e asset to' i nstruct ion , particularly in developing 
reading skills for informative, content-area text. 
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Table 1 



Relationships and Symbols Used in l~Mappirjg * / 



(l) A is an, instance of B, 



Example : 

l-mappincj- is on^ of 
seve ra 1 techn i ques 
for visual ly repre- 
senting meaning. 



Techn iques for 
visual ly pepre- 
senting mearVing 




Key Words 



V to be , 

for example, 

for I ns tawce , 

type of , 

kind of, 

example of, 

e.g.', - 

"such as , 

i ncl ude , 
* i n c 1 u.d i ri g 



(2) J s^ a property of B. 



. Example : 
l-mapping has a unique 
symbol for each type 
of rel at i onsh i p . j 




-Mapping 



unique symbol 
for each type 
of rel ation- 
sh i p 



(to be) , 

( to have) , 

is a property of, 

is a feature of, , 

i s a character- 
i St ic of, 

is a- pa rt of , 



2j 
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(3) A defines (restates, clajjifies) B. 



DEF. = A - 



Examp 1 e : 

Biomes are large 
areas that have 
similar communities 
of p 1 an ts «and ^ 
an ima 1 s . 



B i omes 



DEF. = 

large areas that 
have simi lar 
commun i t i es of 
plants and 
an ima 1 s . 



Key Words 



that is,* 
in other .words , 
i .e. , 
(to be) , 
i s named , 
is cal led, 
is defined asv^ ^ 
i s referred to as , 
i s 1 abel 1 ed , 
means .that , 
the def i n i t i on is' 



(A) A is identical to B. 



B- 



Examp 1 e : c 

The 1-mapping symbol for 'Ms an instance of * 
i s* a- Venn di agram. 



Mapping symbol for 
"is an^^ instance'of" 



Venn di agram 



< 



IS , 

is identi cal to,, 
is the same a's , 
is known as 



ERIC 



(5) A is similar to B. 



B 



Exampl e : ' 

Comp/re/contras-t i-jnaps are similar to^ 
dnuble-entrv tables. 



Compare-contrast 
i -maps 



double-entry 
tables 
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1 i ke , 

1 i kewi se , 

is similar, 

similarly, 

in the same ^way 
or manner 
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B 











(6) A eis not s imi lar to B.. , 
Exampi e : . 

l-mapping is different fr'^orp outlining. 



i -^ppi ng 



.oOtl in! ng 



Key Words 



is different from, 
is not the same 

0 

as 



> I B 
< 



B 



(7) A is greater than B 

o 

A is less than B. 

ExampTe : ^ 
The number of re 1 at i onsh i ps recognized in 
i -mapping is greater than the number of 
* relationships recognized* i n ' t rad i t i ona 1 
outl ining> 



Number of 
relationships 
recognize'd in 
i-mapping 



> 



Number of 
rel at ionshi ps 
recogn i zed *i n 
tf ad i t i ona 1 
ou 1 1 i n i ng 



mor^ , . 
g reater , 
1 arger , 
less , 
smal ler 



ERIC 



(8) A or B. 



-or- 



Example : 

Relationships in text are either made 
explicit by the author or left to be 
inferred by the reader. 



Text relationships 
are made ey^l lei t 
by author 



•or- 



Text relat'ionsbips 
to be inferred bf 
the reader 
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or , 



ei ther the one or 
the other 
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(9) A occurs before B. 



Exampi e : 

Analysis of^meaning precedes i-mapping, 



analysis of meaning 



i -mapp 1 ng 



Key Words 



then , and then , 

before, 

after, 

next , 

follows, 

earl ier , 

1 a ter , 

prev ious ly , 

prior , 

subsequent ly , 
precedes , 
(dates) , 
first, 
second , 
thi rd 



ERIC 



(10) A causes 



Exampl e : c • 

Prolonged i-mapping produces fatigue. 



— v — 

prolonged i-mapping 



fat i gue 



4 
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brings about, 
resu Its in, 
causes , 
affects , 
leads to, 
in order to, 
produces , 
therefore, 
because, 
since, 

as a resul t of , 
this is because, 
consequently 
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(11) A enables B. 



B 



Ex-amp 1 e : 

l-mapping was invented so 'that the meaning 
of text could be represented in the form 
of*a diagram, , 



invention of 
I -mapp i ng 



mean i ng 


of text 


can be' 


repre- 


sented 


i n " the . 


farm of 


a diagram 







Key Words 



enables , 
al lows , 
permits , 
so that 
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Table 2 



\ 



Exan^les of Author Purposes or Ouev^tions 



Basic Text Structures 



Basic Text Structure 
^ I -maps 



Imperative Form 

% 

Define A. 

Describe A^. 

List the features/ 

character i st i cs/ 
' trai^ts of A. 



Interrogative Form 
What is 'A? 
Who is A? 
Where is A? 



Descr i pt ions 



Trace the develop- 
ment of _A. 

Give the steps in A. 



When d i d A occur 
(in relationship 
to other events)? 



Tempo r a 1 Sequences 
(Proces ses , Procedures , 
Chronolog ies) 



Ex p lain A^. 

E><plain the cau5e(s) 
of A. 

Explain the effect(s) 
of A. 

Draw .a concl us i on 
about A. 



Why d i d A happen? 
How d i d A happen? 

What are the causes/ 
reasons for/ef feet s/ 
outcomes/results of 
A? 



Explanations 



r 



A 



->•••- 



-> 




on 
c 

CL' 
Q. 
ftJ. 

I 

0) 



CM 









a 


>• 

> 


i ao 1 e z. 


( fnn t ^ r\) ^ 




> 

. Examples of Author 


Purposes or Questions 


Basic Text Structure 


RaQir TavI" ^ 1" r i i r 1" i i TP 

f-map 


Imperative Form 


1 nter rogat i ve Form 




* 


.Predict what will ' 
happen to A^. 

Hypothesize about 
the cause of A_.^ 


What win be the 
effects /outcomes/ 
resul ts of A_? 







Compare and • 
contrast and B^. 

List the ' 
5 imi 1 ari t ies and 
d i f ferences between 
A and B. 



How are A and B^ al i ke 
and/or "different? Compare/Cohtrast 



< 



Define and give 
ex^mple^s of A. 



What i.s A, and wharare Definitions/Examples 
some examples^ or Ar 




k I — denotes that any of the three relationships rrray apply 




Any of the relationships of comparison ^ , <, >, might apply. 
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■ . • • Table 3 

« 

Examples of Text Units and Corresponding Unit Maps 
Description . ' * . 

Bdtholitjls are th'e-largest igneous rock bodies.. They may form 
several kilometer^ below the, surface of the earth. They are 50 to 80 
kilometers across and extend -for hundreds of kilomete!4 in length. 
Batholiths are too thick for their lower surfaces to be' seen. They a^re 
•exposed at the earth's surface only when the overlying rock has been 
removed by erosion. Most bathol iths are great masses of granite. They 
form, the cores of the wor 1 d ' s mouhta i n systems. 



(B-ishop^ M. S., Sutherland, B., & Lewis, P. G 
iColumbds, Ohio: Charles 'E. Merrill, I98I , p. 3307 



Focus on eartii science. 



B a t h o ' 1 iths 



largest' igneous rock bodies 



may 



form several ki lometers^b^low the surface of the earth 



50-80 kilometers across 



extend for hundreds of kilometers in length 



^ too thick for 1 owe r- surf aces to be seen 



exposed at earth *s surface only when overlying rock has 
been removed by erosion ^ 



most are great Masses of ^iranite 



form the cores of worl'd's mountain systems 



■Si 



{ 



cn 
c 

Q. 

Q. 

03 

t 

03 
0) 
73 
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Temporal Sequence <> 

The iron ore in the ground is usually covered with a »th i ck 1 ayer oL. d i rt and rock. This 
layer must be removed before the actual m'ining can begin. After the dirt is t^ken away, huge 
power-driven shovels dig into the crumbly iron. ore. The shovels carry load after load of ore 
from the pits to railroad c^rs that are standing nearby. 

When a long line of cars is filled, the cars are attached to a locomotive. These trains ^ 
take the ore to boats that "are waiting at nearby ports on the Great Lakes. The boats then take 
the ore to steel mills that are located on or near other Great Lakes ports. 

(Gjoss, H: H., Fc?Ilett, D. W. , Gabler, R. E., Burton, W. L. , & Ahjschyvede, B. F. Exploring Our 
World: The Americas. Chicago: Follett, I98O, p. 22^) ^ , 





* 








1 ayer of 




power-dr i ven 




"dirt is 


> 


shovels dig 




removed 




into ore 



shovel s 
carry ore 
to rai 1 - 
road cars 



-> 



ra i 1 road 
cars are 
attached 
to loco- 
motive 



t ra 1 ns 
take ore 
to boats 
at; ports 
on Great 
Lakes 



boats 
take 
ore to 
steel 
mi Id s 
1 ocatecl 
on or , 
near 
other 
Great 
Lakes ^ 
ports 



3j 
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Explanation ^ 

In cold or mountainous regions, rocks,, are often subjected to the 
action of freezing water because of daily changes in the temperature. 
'During the^^ay, when the temperature is above the freezing point of 
water (O^^C), rainwater or melted, snpw or ice trickles into cracks in 
the rocks. During the' night, when the temperature falls near the 
freezing point of water, the trapped water expands as it changes Into 
ice. , 

As freezing water expands, the expanding ice pushes aigainst the 

sides of the cracks with tremendous force, splitting the rocks apart. 

In this way, large masses of rock, esp^ial ly the exposed rocks on the ■ 

topics of mountains, are broken into smaller pieces. ... 

(Lesser, M., Constant, C, & Wisler, J. J. Contemporary Scjence Book 1, 
New York:v Amsco School Publications, Inc.,: 197^7, PP. 282-283) 

— t 



Dayt ime 



temperature 
is above 
freezing 





water 




tr i ckl es 




i nto^ 




cracks in 




rocks 



Nighttime 




temperature* 
falls near 
freezing 



water"" trapped 
in cracks 
changes into 
i ce 



rocks sp) it 
apart » 




freezing water 
expands and 
pushes against 
sides of 
cracks with 
tremendous 
iforce . 
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Compare/Contrast • , - 

Body waves are of two kinds. The P-wave , or primary wave, travels 
foward in a ho r i zopta 1*^ d i rect ion . Rock particles vibrate back and forth. 
They .are^ pushed close together, tKen-moVe apart to theif; original positions 
A slinky 'toy,'* hej^d at'pne end,^ then given a slight jerk, shows the P-wave 
motion. T.he S-wave or secontlary wave, vibrates at right angles to the 
P-wave. Particles move'up and down, but the waVe itself travels forward. 
The S-wave motiorij's like that of a rope fixed at one -end and moved up 
and down at the free end. ^ * \ 

.(Bishop, M. , Sutherland, B., & Lewis, P. G. F^cus on ea rth science. 
Columbus, Ohio: CharFes E. Merrill, 1981, p. 232) 



P-waves 



primary wave 



travels forward 



part icles- vibr^ate ba.ck 
and forth 



si inky 


toy' he 1 d 


at one 


end and 


given a 


s 1 ight 


jerk- - 





S-waves 



E secondary wave 



t rave 1 s forward 



particles move up and 
down 



rope fixed at 
one end and 
moved up and 
down at free 
end 
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Def in i t ion — Example ' ' - . ^ 

In th'rs forest biome, y'ou would notice many deciduous trees. 

Deciduous trees grow leaves in the spring which fall f-rom the trees in 
— " \ 

au^irfin." Oak, hickory, beech, and maple are deciduous trees. 



Cha rl es 


E. 


Merri 1 1 , 


1980, p. 


]h2) 

r 












deci duous t rees 








DEF. = 


grow leaves in the spring 
from the trees in autumn 


wh i ch 


fal 1 




oak 




h i ckory 




beech 




maple 
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* Figure Gapt ions 

Figure 1. Idea-map of information from a chapter entitled '^Biomes'' 
in a junior „high science textbook, 

* Figure^'Z. Examples of stat i c frames . — — 



Figure 3. Examples of "top-down'' idea-mapping exercises'. ' 

Figure Examples of a "bottom-up" idea-mapping exercise. 

Figure 5. Ex^Smples-of "bottom-up" idea^mapping exercises; 

Figure 6. Example of i "bottom-up" idea-mapping exercise. 
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B I 0 M E S 



DEF. « large areas that have simitar communities of plants and animals 



TUNDRA 
location: far north 



c 1 imate : 



precipitation: very little 
rain or snow 



temperature: cold all year 



planes : 



j^^ grassesj 
shrubs~j 



an I ma 1 s : 



few 1 arge an Ima 1 s 



few birds aM year 



some birds in summer 



car Ibou 



rabbi t 5 



wol ves 



mosqu I toes 



foxes mice moles lemmings 



< 



TAIGA 

location: south of tundra 



c 1 Imate : 



precipitation: more than In 
tundra 



temperaiu'^e^: warmpr ^^^'^ tundra 



ground thaws 1 n su[P"ier 



p lants : 



evergreen trees 

DEF. = needlelike leaves that 
stay green al 1 year 



spruces firs pines 



an Ima 1 s : 



deer 



rabb 1 ts 



beavers 



mu s k r a t s 



fish 



many sma 11 b i rds 



squ 1 rrel s 



ducks 




geese 


in 


summer 





DECIDUOUS FOREST 


locatl on : 




cl imate : 




precipitation: more than in 
taiga 




temperature: v-/ider range 



plants : 



deciduous trees 

DEF. ~ grow leaves in spring 
which fal 1 from the 
trees In autumn 



oak 


h ickory 


beech 


maple 



■some evergreen trees 



on Imal s : 



many different animals 



deer 



black bears 



opossums 



rabbi ts 



squ i r re I s 



1 nsects 



birds 



ERIC 



CULTURES 



Technol ogy 

Tools, machines^ 
Food 

Clothing 



Inst I tut ions 
Family 
Pol i t ics 
Economy 
Rel igion 
Educat ion 



Language 



Arts 



SYSTEMS 



Funct ion/use 



Parts and their functions 



Explanation of how it works 



Problem/ solut ion 



WARS 



Sett i ng (date, place) 



Participants on both sides 



Causes 



Major events (battles, etc.) 



Key people 



Resol ut ion 



Other out comes /effects 



Frame for Cul tures 



Frame for Systems (e.g., 
systems of the human body 
and technol og i ca 1 systems 
such as the hydraulic brake 
system of an automobile) 



c. Frame for Wars 
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FRir 



loca t i on 



establ i shment 
and growth 
of cities 



This exercise requires students to 
supply three major types of locations 
that influence the establishment and 
growth of cit?ies, as'presen-ted in the 
text. 



4i 



loca t ion 




where one form of travel met another 



establ i shment 
and growth" 
of c i t i es 



near natural resources 



This exercise requires students to supply more 
detailed i nformat ion^-exampl es -of the types' of 
locations that influence thd establishment and 
growth of ci t ies . 
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TUNDRA 
far north 



precipitation: very little 

rain or snow . 



temperature: cold all year 

^ . « — 



ground always frozen V 



X 



grasses 



shrubs 



] 



few large an fma I s 



few bl rds a 1 I year 



some birds in summer 



carl bou rabb f ts wol ves mosqu f toes 



foxes m r ce mo les 1 emml ng s 



TAIGA 


7 




south of tundra , 


7 : 






precipitation: more than In 
tur\d ra 






temperature; warmer t;han tundra 


ground 


thaws Ih summer^ ^ 



V 



trees 



evergreen trees 



OEF. *= needlelike leaves that 
s tay green a 1 1 year 



spruces 



firs 



p I pes 



deer moose rabbits b*eavers muskrats 



fish 



many sma II b I rds 



squ I rrel s 



ducks 



geese 



m summer 
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along trade and 
travel routes 



v/hcre one form 
of t^vel met 
another 



near natural 
resources 



ertsbl I shment 
and growth of 
cities 



r iver s 



Ccino I s 



rn I I ro<ads 



where 
roads 
crossed 



whpre 
f er r i es 
carr f ed 
peopl e 
across 
r' I vers 



where cat 1 1 e trails 
met rai 1 roads 



near mineral 
resources 



near wa terf a I 1 s 



near forests 



establ Ishinent 
and growth of 
c 1 1 les 



, es tabl I shment 
and growth of 
ctti.es 



TKis exercise requires 
students to find a super- 
ordinata term for'three 
given examples. 



This exePbise requires two 
levels of generalization: (a) 
one superord i nate term each for 
examples in three categories, , 
and ( b ) a su p e ro r di n a t e term 
for the term generated in a. 



This exercise requires 
student to induce the 
principle v^ith mi'nimal- 
prompt i ng . 
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Direc tions to Studenj;s; Make an i-map that use^ all 'of the following. 
^ terms from the chapteh^on honeybees 



jobs 

female 

1 ife stagey 

col lects pel len and nectar 

honeybees 

drone 

queen 

makes combs 
mal e 
pupa 

l^ys eggs v ' 



mating 

takes care of larvae 

egg 

worker 

grub 

adults 

cleans out hive 
larva » 
nurse bees 
attacks enemies 



Possible^Student Response: 



queen 



f emal e 



job : lays eggs . 



honeybees 



workers 



female 



j ob : col 1 ect pol 1 en 
and nectar 



makes combs 



attacks enemies 



takes care of 
1 arvae 



•^cleans out hives 



nurse bees 





drones 


male 


job : 


mating 



1 i fe stages 



egg 



grub = larva 



pup^a 



adul t 



Appendix A 



Large areas that have similar commun'i t i es of plants and animals are 

'J 

«* ^ 

called biomes. Non'l iving things such as temperature and rainfall help 
determine what lives in a biome. .The different types of biomes are tundra, 
taiga, deciduous forest, tropical rain forest, grassland, desert, arid 



ocean . 



Tundra 



If you lived in the ^tundra biome, you would b§^,in the far northern 
part of the world. It ))vould be cold all year. You would need to dress 
warmly even In the summer. The temperatyres are near freezing in the 
summer. There is- usually very little rain or snow in the tundra. 

You would not see any trees in the tundra, The ground is always 
frozen except-for a top thin layer of soil duri n^^fi^ summer , Also, 
plants grow only about two months out of the^ear in the tundra.^ For 
• these reasons, the plant life is mostly grasses and shrubs., 

You could expect to find few large animals in the tundra. Amon-g 
the larger ones are caribou, rabbits, wolves, and foxes. There are many 
mosquitoes, mice, moles, ana lemmings (LEM ingz); You Would see some 
birds in the summer. Few bi rds- 1 i ve all year in the tundra,, 

Ta iga 

If you traveled south from the^ tundra, you would enter a biome called 
the taiga. Here, th^ ye^irly temperatures would be varmer than in the 
tundra. Also, there is more precipitation in the taiga. . 



46 



The grpund thaws in the summer because of the warmer temperatures,, 
These warmer temperatures allow larger plants to grow.'' Most of the trees 
you would see in the taiga are evergreeH trees. Evergreen trees have 
needlelike leaves that stay green all-year. Some of the evergreen trees 
you would see are spruces', firs, and pines. 

Anytime during the year, you might see deer, moose, rabbits, or 
squirrels. Streams and ponds are homes for beavers and muskrats and many 
kinds of fish. Many small birds live in the taiga. in the summer, you 
might see ducks and geese. 

Deciduous Forest 



Perhaps you live In a deciduous (dih SlJ^uh wuhs) forest biome. if 
you do, you enjoy a wide, range of yearly temperatures. This wide range 
of temperatures results in spr ing summer; autumn , and winter seasons. 
^The yearly precipitation is more herau than in the taiga. 

In this forest biome7"ybu would not i"ce"iTraTnr deciduous trees-r-- — 

Deciduous trees grow leaves in the spring which fall from the trees in 
autumn. Oak, hickory, beech, and maple are decicjuous trees. You would 
also see many other kinds of plants. This biome may have some evergreen 
trees too. 

You^would see many different animals in this biome. Deer and black 
bears are examples of some of the larger ones. A few of the many smaller 
"animals are 'opossums , squirrels, rabbits, birds, and insects. Name two 
other animals you might find, li-ving in this forest biome. 
(Sund, Adams, & Hackett, I98O, pp. 139-1^2) 
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Appendix B 

More Cities Grow . ' 

•Rivers, such as the Ohio, were used by westward bound settlers. 
Settlements were 'located on river banks to serve the needs of river- 
travelers aHd those who chose to settle in the regiom When the steamboat 
was -rnvented, river traffic increased. People moved and settled on farms 
and ranches. Food and other products of the West were shipped east. 
Goods manufacture in eastern factories were shipped west. River towns 
were important in this trading. Many grew into major cities, such as 
Cincinnati, Ohio; Louisville, Kentucky; Memphis, Tennessee; and Kansas 
Citv Missouri, 'locate other cities that grew up on rivers on the map 
of the United States on pages 92-33. 

People and goods moved east and west by canal (ks nal ') . A canal is 
a waterway that is built to connect two bodies of .water. Towns were 
established along canals just as they were along rivers. 

A few roads were built. Inns were started along these roads to 
serve the needs of travelers. Towns were begun where roads crossed, or 
where f er r ies . c'a r r i ed travelers across rivers. Sometimes cities grew up 
at places \jher& one^form of • travel met another. 

After the Civil Wa^, railroad building increased. Many cities were 
started to "serve the needs of railroad workers and travelers. As the 
rails stretched west, so did urban, or city, growth. Western farmers ■ 
and ranchers sent food and cattle to eastern markets. Cities grew where " 
'cattle trails nret railroads. Some rjver cities became important railroad 
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cities. Chicago, lllinojs; St. Paul, Minnesota; and Omaha ,* Nebraska , 
grew rapidly after the railroads were built. No 'longer*- were large c,il 
to be found o|ily on the qoasts. 

Some cities grew because of their natural surroundings. Mining 
towns started near places rich in minerals. Factory towns wer,e built 
near waterfalls. Lumber towns began near forests* 

•> 

(King, Dennis, & Potter, 1982, p. 126-127) 



4y 



Appendix C 

Honeybees are a commoA example of social insects. If you were to 
watch honeybees clo^ely in their home, or hive, here is what you might ^ 
see and" 1 earn . 

.The hive might be located in a hollow tree. Or it might be found in 
a box especially constructed by someone for this purpose. Whatever the 
location of the hive, you would find sheets of wax hanging from the top 
and sides. (In hand-made hi ves , ^ special wdoden frames are built to hold 
the wax.) You would find bees buBy making the sheets of wax and turning 
them into combs. You probably haVe already seen these combs. They are 
built of hundreds of six sided eel Is. Bees u5^ the eel Is to store honey 
for the'^'r own use. > 

Suppose you watched the bees- that were making the honeycomb, You 
would find that they scraped the wax off the surfaces of the abdomens with 
their hind legs. The wax is secreted by glands, on the abdomen. 
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You would also observe other bees str'eaming into the hive and then 

■ releasing a' fluid into the completed cells of the comb. If you tasted 

'this*fluid, you would find that it waSj sweet and that it had a flowerlike 

odor. This fluid rs flower nectar. The bees suck jt up through their; 

tubelike mouth parts from the bases of^tlower petals. The nectar is then 

swallowed. BpV it passes only into the f i rs t. sect i on of the stomach, the 

honey stomach. Here digestive juices change the sugars of the nectar into 

a simpler kind of sugar and other subst^nce^ are added. It is then 

deposited into the cells of the comb. Now^ it is what we know and eat t . 
.* • * • ' 

as hone^^/ ^ \ ^ 



By glancing arou'nd at the many cells of the comb, you would notice 
that not all cells- were being filled with honey, Many cells would contain 
what might l^ok like a short, fat, white worm, called a grub, This grub 
is the larva, or infant state, of the bee. You recall that an infant , 
grasshopper resembles an adu\t gra chopper, However, the infant bees do 
not look at'all like-adult bees. 

Some bees function as nurses to tend and feed the larvae. For the 
fi^rst few days af^ter an egg Hatches into one of the eyeless, legless larvae, 
it is fed a kind of milk that the nurse bees secrete from glands in their 
heads. After the period of^milk feeding, mo3t of the larvae ^re fed a 
combination of honey and pollen, which the bees also collect from flowers. 

A few of the^ larvae are fed solely' on what is cal led "royal jelly." 
This feeding difference makes an amazing difference in the ways in which 
the' larvae develop. Those larvae fed on honey and pollen develop into 
worker bees (always females) or into males, which are called drones . 

— — k c * 

Although the worker bees are females, they cannot produce eggs. Their 
egg-laying structures become modified into stingers. • Those female larvae 
fed nothing but royal jelly develop into females called queen bees. The 
queens have both egg-laying structures and slender stingers. 

About six days after the larvae first appear, they have grown so 
large that each almost fills its entfre c-ell. The nurse bees now build 
a wax cap over'each cell. At this time important changes take fjlace as 
the larva lies quietly in its cell. This stage is'cajled the pupa 
(pyo0*'pa) stage. Then, after twelve days to two weeks (depending upon 
'whether the pupa will become a worker, a drone, or a queen), the adult 




bee breaks out of the cell. During^ this short time an amazing change has 
taken place. The wormlike ]i--'va has changed into a bee with wi ngs ,. chewi ng 
and sucking mouth parts, two Jarge complex eyes, three simple eyes, tv/o 
pairs of deli-cate wings, and six legs. 

If you kept track of the adults breaking out of their cells, you 
would find interesting differences in the jobs of the workers, drones, and 
queens. The workers (remember, these are modified females) do all of the 
work of the hive. They collect pollen^and nectar. They make' the combs. 
They take care of the larvae. They clean out the hive. They swarm o^ut 
to attack eriemies with their stingers. They do everything but lay the 
eggs. Laying the eggs is the job of the queen. 

Workers are produced constantly during warm weather. Queens are 
produced only when the hive beings to be overcrowded. When that occurs, 
nurse bees feed "only royal- jelly to some of the larvae in order. to produce 
queens. ^ 

The first queen that ^breaks out of its cell fliesi out into the air 
and mates with one .of the drones (males) v/ Then she returns to the hive to 
becSme the new queen. In the meantime, the workers destroy the surplus 
queens, 

However, about' a week before the new queen breaks out of her ce H , 
the olcl queen leaves the hive with about half of the workers. They fly 
off in a cloud in what is called swarming . Jhey establish a new hive in 
a suitable place, such as a hollow tree or a large crack in a rock, and 
start a new community. . ^ 



-- The new queen devotes her life to one job alone--egg laying. She may 
live from three to five years. Duping that time she may lay over a million 
eggs. Workers tend her^.^&ar€ru{]y . They feed her, stroke her, and build 
special cells in which she deposits her eggs. 

Drones do almost nothing. However, the drones are necessary, of 
course^ to mate with the queen'; Only one 'drone mates with the queen. Her , 
body stores throughout her life-time the many millions of sperms that he 
deposits. - The sperms fertilize the eggs laid during the long life of the 
queen. The ferti 1 ized, eggs produce both workers and queens. Occasionally 
the queen lays unfertilized eggS; these develop into drones. After the 
mating flight "^nd toward the middle of summer, the workers chase out of 
the hive, or kill, most of the drones. The drones have. done the one ^b 
they are capabje of doing, They ^re no longer needed for the survival 
of the community. . , . ' / 

(Brandwein, Yasso, & Brovey , *^1 980 , pp. 338-3^0) 
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